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Abstract. Porous activated carbon monolith derived from renewable and environmentally 
friendly biomass of “red shoots” leaves (Syzygium oleana) was prepared for electrode material 
of supercapacitors. The raw materials were converted into biochar by using ZnCl2 impregnated 
and one-stage integrated pyrolysis. The samples were chemically activated using the 1 M 
ZnCl2, which was then converted into monolith/pellet by using a hydraulic press. The carbon 
monolith were then one-stage integrated pyrolysis both carbonization and physical activation. 
This study is focused in different carbonization temperature including 500 °C, 600 °C and 700 
°C. The reduction of density in the activated carbon monoliths have been reviewed as physical 
properties. In addition, the XRD and FTIR characterization also reviewed. Based on this, the 
activated carbon monolith from “red shoots” leaves biomass for supercapacitors deliver a high 
specific capacitance  of 138.5 F g
-1
 in 1 M H2SO4 aqueous electrolyte at low scanning rate of 1 
mVs
-1
. This results demonstrate the successfully conversion “red shoots” leaves (Syzygium 





Environmental pollution due to the increasing consumption of fossil energy sources is an urgent global 
problem today. Therefore, a sustainable energy source that is environmentally friendly is needed to 
reduce the impact of environmental destruction. Several alternative energy sources offered by 
researchers include solar energy, wind energy, tidal energy, and biomass energy [1,2]. However, 
switching the main energy source to alternative energy requires a relatively high cost. In addition, 
alternative energy sources are not always available all the time, thus requiring energy storage devices. 
In the last decade, researchers have suggested that electrochemical processes are the most ideal form 
of energy storage and conversion especially in this case are supercapacitors [3,4]. Supercapacitors can 
bridge the gap in several other energy storage devices such as conventional capacitors and batteries 
[5,6]. Furthermore, supercapacitors have a number of advantages, such as high power density, 
excellent energy density, and good cycle stability [7,8]. The EDLC-type supercapacitor is considered 
the most promising candidate. However, due to the electrostatic surface charging mechanism, this 
device is subjected to limited specific energy. Electrode material modification is the main step taken 
by researchers to increase the specific energy of the EDLC-type supercapacitor. Carbon materials such 
as graphene [9,10], carbon nanotubes [11,12], mesoporous carbon [13], and carbon nanofibers [14–16] 
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have been used as supercapacitor electrode materials, and show excellent performance in enhancing 
supercapacitor performance. However, their high production costs limit their practical application. 
Therefore, low-cost carbon electrode preparation for supercapacitors remains a challenge. Recently, 
porous carbon materials derived from biomass wastes with various combinations of pore structures 
have attracted a lot of attention due to their abundant, cheaper, and renewable resources [2,17,18]. In 
this study, we used red shoots as the raw material of activated carbon for the supercapacitor electrodes. 
Red shoots waste was converted into biochar using a relatively uncomplicated method through 
impregnation of ZnCl2 and pyrolysis. The pyrolysis process includes carbonization and physical 
activation in N2 and CO2 gas environment. Furthermore, activated carbon is prepared in a monolith or 
pellet form without the addition of any adhesive material. All analysed samples showed good 
amorphous structure to improve the symmetrical supercapacitor performance. Moreover, the 
maximum capacitive properties found were 141 F g
-1
 in 1 M H2SO4 electrolyte. 
 
2. Material and methods 
2.1. Preparation of activated carbon monolith 
The activated carbon monoliths were prepared by using three steps processes including initial 
treatment, chemical activation, and pyrolysis process. Initial treatment was done by collected, cleaned, 
and dried the red shoots as biomass waste. Red shoots leaves are collected from University of Riau 
area. Next, the samples were cleaned and continued to dried by sunlight and oven vacuum at a 
temperature of 110 ºC. Then, the samples were pre-carbonized at a temperature of 250 ºC. 
Subsequently, the precursors change into carbon powder by using mortal, pestle, and milling tools. To 
obtain the homogenous powder, the samples were sieving in 35 µm size. Zink chloride (ZnCl2) in 1 M 
concentration was chosen as chemical activation reagent. Moreover, the powder samples were 
converted into pellet or monolith form without addition of adhesive materials by using hydraulic press. 
Subsequently, 20 monolith samples were pyrolysis by using one-stage integrated pyrolysis both 
carbonization and physical activation in N2/CO2 gas atmosphere [19]. The temperature, the heating 
rate, and the nitrogen gas flow are the significant parameters in this stage and in this study we selected 
three different carbonization temperatures of 500, 600, and 700 ºC. Based on this different 
temperature, all samples were labelled PM500, PM600, and PM700. The physical activation was 
performed in CO2 gas environment at high temperature of 900 ºC in 2,5 h [20]. Next, the monolith 




Fig. 1. The preparation of activated carbon monolith for electrode supercapacitor 
ICOSTA 2020











The 20 monolith samples were evaluated based on the reduction of dimensions including mass, 
thickness, diameter and density. Fourier transform infrared spectrometry (FTIR, Shimadzu, IR 
Prestige-21) was performed to determine the presence of various functional groups of the activated 
carbon monolith. Furthermore, the microstructure behaviour was characterized by using X-ray 
diffraction (XRD, Shimadzu 7000) technique in the 2θ angle range of 10-60° with a source of Cu-Kα 
radiation (Kα=1 .5418 Å). In addition, interlayers spacing (d002 and d100) were obtained by using 
Bragg’s Law while the microcrystalline dimension (Lc and La) were calculated by Debye-Scherer 
Equation. Moreover, the capacitive performance of the symmetric supercapacitor was evaluated by 
using cyclic voltammetry (CV, UR Rad-Er 5841 instrument) technique in two electrode system with 
1M H2SO4 as electrolyte. The supercapacitor cell was rearrangement with sandwich type consist of 
two electrode from activated carbon monolith derived from red shoots leaves, duck eggshell 
membrane as separator [21], and 1M H2SO4 as electrolyte. The specific capacitance was evaluated by 
using standard formula [22,23].  
 
3. Result and Discussions 
Chemical activation and pyrolysis processes are the main steps required to convert biomass waste into 
carbon fixed, including converting red shoots leave to monolithic activated carbon. All samples in the 
form of monoliths are a change in dimensions including mass, diameter, and thickness. It could be 
used to calculate the density before and after the one-stage pyrolysis process. The pyrolysis process 
which includes carbonization and physical activation begins at room temperature to a high temperature 
of 900 °C. In this process, the water content, volatile, complex compounds including cellulose, 
hemicellulose, and lignin decompose to a temperature of 600 °C [24,25].  
 
 
Fig 2. The reduction of density before and after pyrolysis 
 
Furthermore, the temperature increases to 900 °C causing the formation and expansion of pores in 
the sample [26]. This phenomenon certainly reduces the mass, thickness, and diameter of the monolith 
sample and causes the density of the monolith to decrease. Figure 2 shows the density reductions for 





 for PM500, PM600, and PM700, respectively, with a mean standard deviation of 





 for PM500, PM600, and PM700, respectively. This is certainly due to the evaporation and 
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decomposition of chemical and volatile compounds in the sample. Furthermore, the difference in 
carbonization temperature in the sample affects the density value after the pyrolysis process. 
Increasing the carbonization temperature from 500 °C to 600 °C could decrease the density value from 
24.76% to 43.40%, indicating that the decomposition of chemical compounds has succeeded in 
increasing the formation of new pores on activated carbon. Moreover, increasing the temperature until 
700 °C did not showed a significant effect on the decrease in density. This analysis is correlated with 
the capacitive properties of the electrode which shows its best performance at a temperature of 600 °C. 
The microstructure properties are mainly evaluated by using X-ray diffraction (XRD) technique. 
Figure 3 shows the XRD pattern of the monolith activated carbon based on the different carbonization 
temperatures of 500, 600, and 700 °C. The XRD curve clearly shows two wide peaks at an angle of 
2θ=24-25º and 2θ=43-44º which refers to the reflection plane of (002) and (100), indicating a 
predominantly amorphous structure of carbon [27–29]. Furthermore, the broadening peaks in the (002) 
reflections corresponding to a highly amorphous structure while the (100) reflections confirm a small 
amount of hexagonal graphite structures. Moreover, the application of the carbonization temperature 
from 500 to 600 causes attenuation of the peak width as shown on the XRD curve. In addition, the 
peak width at 2θ = 24.036º and 2θ = 43.131º shifted to a larger direction up to 2θ = 25,238 º and 2θ = 
44.050 º, as shown in Table 1. This phenomenon confirms that the increase in carbonization 
temperature from 500 °C to 600 °C suggests that the amorphous of activated carbon monolith 
increased with the increasing carbonization temperature. In addition, several sharp peaks were also 
seen, especially at angles 29º, 37º and 39º. This indicates that there are crystal elements and 
compounds in samples such as SiO2 (JCPDS No. 89-1668), MgO (JCPDS No. 82-1690), and ZnO 




Fig 3. XRD pattern of the PM500 and PM600 samples 
 
The interlayer spacing (d002 and d100) and microcrystalline dimensions (Lc and La) were evaluated 
using the Braggs law and Debye-Scherer equation, as shown in Table 1. The d002 and d100 showed 
normal values for the amorphous carbon derived from biomass waste materials. A similar value was 
found in previous studies such as activated carbon made from durian shell [20], empty fruit bunch 
palm oil [30], and acacia leaves [31]. Furthermore, Lc value is considered to affect the surface area of 
activated carbon electrodes. Based on the empirical formula that has been previously reported [32,33], 
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the value of Lc is inversely proportional to the surface area, meaning that a small Lc has a high surface 
area and certainly increases the performance of the supercapacitor electrode. This means that the 
PM600 sample is predicted to have a higher surface area than the PM500. This is consistent with the 
density analysis previously presented above. 
 
Table 1. The interlayer spacing (d002 and d100) and microcrystalline dimensions (Lc and La) of the 















PM500 24.036 43.131 3.699 2.095 14.912 48.079 
PM600 25.238 44.050 3.525 2.054 10.918 45.382 
 
 
Fig. 4. FT-IR profile for (a) pure red shoots powder, and (b) PM500 
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Figure 4(a) shows the FT-IR spectrum profile of the red shoot leaves sample at a wavelength of 
450-4500 cm
-1
. The highest peak of the spectrum is at 3581 cm
-1
 which belongs to the hydroxyl ν (O-
H) group. In addition, a wavenumber 2924.21 cm
-1
 indicates the alific functional group (C-H). 
Furthermore, the wavenumber 1613.52 cm
-1
 shows the presence of carbonyl stretching, and 
wavenumber 1176.63 cm
-1
 showed the presence of ether stretching. 
Figure 4 (b) and Figure 5(a-b) performed the FTIR spectrum of PM500, PM600, and PM700, 
respectively. In the wavelength range of 3100-3600 cm
-1
 exhibit the hydroxyl functional group ν (OH), 
which in each sample in the peak of this functional group decreases due to the carbonization process. 




, and 2908.78 cm
-1
 indicate the functional group (C-H). In the 
wavelength range of 1700-1870 cm
-1
 shows the carbonyl functional group (C=O). In the 1100-1200 
cm
-1
 wavelength range, it shows the existence of the functional group ν (C-O). Furthermore, Figure 4 
b-d also performed the high percentage of transmittance of each sample, where samples with PM 500 
have a high percentage of transmittance in the carboxyl functional group (C=O), which indicates that 
PM 500 has more pure carbon than other samples. The hydroxyl functional group in the PM 600 
sample has a higher percentage of transmittance than the other 2 samples, this is what makes the PM 
600 sample have a lower density than the two samples. 
 
 
Fig. 5. FT-IR profile for (a) PM600, and (b) PM700 
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The electrochemical properties of the supercapacitor electrode of red shoots leave waste were 
evaluated by using the Cyclic Voltammetry (CV) method. The CV data could be used to determine the 
specific capacitance (Csp) of a supercapacitor electrode. The results of the CV measurement are curves 
of charge current density and discharge current density against a potential window of 0-1.0 V with a 
scanning rate of 1 mV s
-1
. The CV profile for activated carbon monolith based on different 
temperature of 500, 600, and 700 was shown in Figure 6. The CV curve performed a quasi-rectangular 
shape indicating normal EDLC behaviour for the electrode material [34,35]. Furthermore, the current 
density spikes could be reviewed at a voltage potential of 0.3-0.4 V, confirming that the sample has 
pseudo-capacitance properties contributed by the heteroatoms in the sample. Based on the standard 
equation, the specific capacitances are 122 F g
-1
, 141 F g
-1
, and 135 F g
-1
 for PM500, PM600, and 
PM700 samples, respectively. Increasing the carbonization temperature from 500 ºC to 600 ºC 
significantly improved the specific capacitance from 122 F g
-1
 to 141 F g
-1
. This phenomenon was 
confirmed by the density and microcrystalline dimension properties discussed earlier which stated that 
the PM600 sample had better porosity and amorphous features than other samples. A further increase 





, suggesting that well-formed pores at 600 ºC experience expansion at a higher temperature 




Fig .6. The CV profile of PM500, PM600 and PM700 
 
In addition, the capacitive performance was also tested at different scanning rates including 1, 2, 5 
and 10 mV s
-1
 for PM500, PM600, and PM700, respectively. The specific capacitance resulting from 
this evaluation is shown in Figure 7. The specific capacitance tends to be reduced as the scanning rate 
increases from 1 to 10 mV s
-1
 due to could reduce the ion diffusion time on the electrode surface. 
Furthermore, all samples still maintained their specific capacitance of 55%, indicating that the samples 
had relatively good conductivity.  
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The “red shoots” leave (Syzygium oleana) activated carbon for electrode material were synthesized by 
ZnCl2 impregnated followed by one-stage integrated pyrolysis both carbonization and physical 
activation. The different carbonization temperatures of 500, 600, and 700 ºC are the main focus of this 
study. When used as electrode materials for supercapacitor, the activated carbon monolith performed 
high capacitive behaviour for the supercapacitor energy storage was associated with the contribution 
of reduction of density and amorphous nature. Furthermore, symmetrical supercapacitor fabricated by 
600 ºC carbonization temperatures has the highest specific capacitance of 141 F g
-1
 as well as a stable 
value with 55% in 10 mv s
-1
 at 1 M H2SO4 electrolyte. This results in providing new material sources 
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